INTRODUCTION {#s1}
============

Patients with either recurrent or metastatic (R/M) head and neck squamous cell carcinoma (HNSCC) have a poor prognosis. Standard of care combines Cisplatin, Fluorouracil and Cetuximab (optional). The median overall survival varies between from 9 and to 11 months \[[@R1], [@R2]\]. Before immunotherapy, the only approved drugs in second line were Methotrexate or Cetuximab with a median overall survival of about 6 months \[[@R3], [@R4]\]. Identifying potential new drugs is needed.

Taxanes as induction chemotherapy increased overall survival in locally advanced HNSCC \[[@R5]--[@R7]\]. They showed efficacy for R/M HNSCC \[[@R8]--[@R13]\]

Cabazitaxel is a tubulin-binding taxane drug as potent as Docetaxel in cell lines and with antitumour activity in models resistant to Paclitaxel and Docetaxel \[[@R14]\]. Neutropenia in phase I and II was the primary toxicity, and the recommended doses were 20 and 25 mg/m^2^ every 3 weeks. In castration-resistant prostate cancer, Cabazitaxel is active in patients who have progressed on Docetaxel \[[@R15]\].

We hypothesized that Cabazitaxel might be effective in HNSCC after failure of taxanes. Our objective in this phase II trial was to detect a signal of activity in a small study and to evaluate the safety of Cabazitaxel in R/M HNSCC after the failure of platinum, Cetuximab and taxanes.

MATERIALS AND METHODS {#s2}
=====================

Study design and patient selection {#s2_1}
----------------------------------

ORL03 is a multicenter single-arm phase II trial. Eligible patients were aged ≥ 18 years with R/M squamous cell carcinomas of the oral cavity, oropharynx, hypopharynx or larynx, not amenable for salvage surgery or radiotherapy. Eligible patients had an ECOG performance status (PS) of 0 - 2, a documented evidence of progression based on the investigator\'s assessment (measurable disease according to Response Evaluation Criteria in Solid Tumors version 1·1 \[RECIST v1·1\]) following platinum, anti-EGFR therapy, and taxanes (19 patients received Docetaxel and 12 Paclitaxel) for R/M disease. They had not progressed within 3 months after the end of treatment with curative intent.

The study protocol was designed in accordance with the Declaration of Helsinki and the International Conference on Harmonization Guideline for Good Clinical Practice, and was approved by Independent Ethics Committees for each center. All patients provided a written informed consent for trial participation.

Procedures {#s2_2}
----------

Cabazitaxel was provided by Sanofi (Paris, France). It was administered intravenously at an initial dose of 25 mg/m^2^ over 1 hour every 3 weeks up to 10 cycles. Primary prophylaxis with granulocyte-colony stimulating factor (G-CSF) was mandatory. In the case of toxicity the dose could be reduced to 20 mg/m^2^. No further dose reduction was allowed and patients were withdrawn after recurrent toxicity.

Tumor assessments were performed every 6 weeks by computed tomography imaging.

Outcomes {#s2_3}
--------

The primary endpoint was the control rate (according to RECIST 1.1) at six weeks, defined as patients with objective response (complete or partial) or stable disease. All successes were reviewed by independent experts.

Secondary endpoints were overall response rate (ORR) at six weeks, progression-free survival (PFS), overall survival (OS), as well as safety and health-related quality of life (HRQoL). PFS was defined as the delay between inclusion and progression or death. OS was defined as the delay between inclusion and death. Safety was assessed for each cycle using the National Cancer Institute Common Terminology Criteria for Adverse Events Version 3.0 (NCI CTC-AE v3).

Patient-reported outcomes were assessed using the European Organization for Research and Treatment of Cancer (EORTC) Quality of Life Questionnaire (QLQ-C30) and the head and neck cancer-specific supplementary module (QLQ-H&N35) at the onset of treatment, at third cycle and at the end of treatment.

Statistical analysis {#s2_4}
--------------------

A Simon\'s optimal two-stage design was used with the following assumptions: 10% undesirable six-week control rate (null hypothesis, corresponding to what is reported with taxanes in second-line for R/M HNSCC), 30% target six-week control rate, 5% type 1 error rate and 80% power. A total of 29 eligible and evaluable subjects was re required for efficacy analysis (31 were included to take into account ineligible patients). Based on the first stage of Simon\'s design, 10 patients had to be enrolled with at least 2 non-progressions to be able to proceed for the second stage. At the end of the second stage (*N* = 29), at least 6 non-progressions were required in order to make the drug worthy of further study (six-week control rate considered to be \> 10%). To be evaluable for efficacy, a subject had to meet the eligibility criteria and receive at least one treatment administration. Safety data were reported in the safety population defined as any patient with at least one treatment injection.

Descriptive statistics were used to characterize patients at the start of the study. 95% two-sided confidence intervals (CI, binomial law) were computed for control rate and objective response rates. PFS and OS were estimated using the Kaplan-Meier method. HRQoL data were analysed following the EORTC recommendations. Data reported here represent the study database on 23 October 2014. All analyses were carried out with SAS 9·2 (SAS Institute, Cary, NC).

RESULTS {#s3}
=======

Patients and treatment exposure {#s3_1}
-------------------------------

Between April 2012 and April 2013, 31 patients were included in 5 centers in France. Inclusions were suspended between May 2012 and October 2012 for interim analysis. Two patients were considered as non-eligible (progression within 3 months after initial curative treatment, use of Carbamazepine, which was not allowed because of its interaction with Cytochrome P450). Patients characteristics are summarized in Table [1](#T1){ref-type="table"}. They were heavily pretreated.

###### Patient demographics and baseline characteristics

  -------------------------------------------------------------------------------------
  Characteristics of all included patients                 *N* (%)
  -------------------------------------------------------- ----------------------------
  **Sex**\                                                 24 (77%)\
   Male\                                                   7 (23%)
   Female                                                  

  **Initial location of the tumor**\                       10 (32%)\
   Oral cavity\                                            14 (45%)\
   Oropharynx\                                             4 (13%)\
   Hypopharynx\                                            3 (10%)
   Larynx                                                  

  Stage at the initial diagnosis\                          2 (6%)\
   I\                                                      3 (10%)\
   II\                                                     6 (19%)\
   III\                                                    14 (45%)\
   Iva\                                                    3 (10%)\
   IVb\                                                    2 (6%)\
   IVc\                                                    1 (3%)
   Unknown                                                 

  **Initial curative treatment (all but IVc patients)**\   7 (24%)\
   Surgery then Radiotherapy\                              14 (48%)\
   Chemoradiotherapy\                                      8 (28%)
   Surgery then Chemoradiotherapy                          

  **Chemotherapies for recurrent/metastatic disease**\     31 patients\
  **First line**\                                          10 (32%)\
   Platin-Taxane-Cetuximab\                                7 (23%)\
   Platin-Taxane\                                          4 (13%)\
   Platin-5FU\                                             4 (13%)\
   Platin-Taxane-5FU\                                      3 (10%)\
   Platin-Cetuximab\                                       2 (6%)\
   Platin-5FU-Cetuximab\                                   1 (3%)\
   Taxane\                                                 29 patients (94%)\
  **Second line**\                                         10 (35%)\
   Cetuximab (or other anti-EGFR)\                         6 (21%)\
   Taxane-Cetuximab\                                       5 (17%)\
   Methotrexate\                                           3 (10%)\
   Platin-Taxane\                                          1 (3%)\
   Platin-5FU-Cetuximab\                                   1 (3%)\
   Platin-Taxane-Cetuximab\                                1 (3%)\
   Taxane\                                                 1 (3%)\
   Capecitabine\                                           1 (3%)\
   Etoposide\                                              13 patients (42%)\
  **Third line**\                                          5 (38%)\
   Capecitabine\                                           2 (15%)\
   Platin-Taxane\                                          2 (15%)\
   Cetuximab\                                              1 (8%)\
   Platin-Cetuximab\                                       1 (8%)\
   Taxane\                                                 1 (8%)\
   Gemcitabine\                                            1 (8%)\
   Clinical Trial\                                         8 patients (26%)\
  **Fourth line**\                                         3 (38%)\
   Methotrexate\                                           2 (25%)\
   Platin-Cetuximab\                                       1 (12%)\
   Taxane\                                                 1 (12%)\
   Capecitabine\                                           1 (12%)\
   Vinorelbine\                                            2 patients (6%)\
  **Fifth line**\                                          1 (50%)\
   Methotrexate\                                           1 (50%)
   Taxane                                                  

  **Disease at the onset of Cabazitaxel**\                 9 (29%)\
   Locoregional recurrence only\                           13 (42%)\
   Locoregional recurrence with metastases\                9 (29%)
   Metastases only                                         

  **Age at the onset of Cabazitaxel**                      Median 60 years \[30--71\]

  **Performance status at the onset of Cabazitaxel**\      4 (13%)\
   0\                                                      19 (61%)\
   1\                                                      8 (26%)
   2                                                       
  -------------------------------------------------------------------------------------

The median follow-up was 442 days, with only one patient lost to follow-up. The median number of cycles was 2 \[range 1-6\] and a total of 81 treatment cycles were administered.

Efficacy {#s3_2}
--------

In the interim analysis, 9/10 patients were eligible for efficacy assessment and 2 underwent independently reviewed stabilization at six weeks. The study continued into the second step. The final analysis of the 29 eligible patients showed 8 stabilizations at 6 weeks, and 21 progressions. At 12 weeks, 5 patients were stable and all progressed at 18 weeks. No tumor shrinkage was observed. With 8 non-progressive patients at 6 weeks, six-week control rate was 27.6% (95%CI 12.7%-47.2%). Therefore the primary endpoint was met with a six-week control rate \> 10% as initially targeted.

Median PFS was 1.05 months (95%CI 0.69-2.07) (Figure [1A](#F1){ref-type="fig"}) and median OS was 3.77 months (95%CI 2.49-5.31) (Figure [1B](#F1){ref-type="fig"}).

![Progression free survival A. and overall survival B. of evaluable patients](oncotarget-08-51830-g001){#F1}

Safety {#s3_3}
------

Toxicities are detailed in Table [2](#T2){ref-type="table"}. The main toxicities were hematological: 6 (19%) febrile neutropenia (one fatal after the sixth cycle) despite primary prophylaxis with G-CSF. Concerning grade 3-4 non-hematological toxicities (13 patients, 42%), we observed pulmonary toxicities, frequently observed with head and neck cancers, with 3 dyspnea (10%) and 7 sepsis (23%), mostly pneumonitis.

###### Toxicities observed during the treatment by Cabazitaxel (*N* = 31 patients)

  Toxicities, *N* patients (%)   Grade 1-2      Grade 3-5
  ------------------------------ -------------- ---------------------------------
  Febrile Neutropenia            \-             **6** (19%; 1 death at cycle 6)
  Neutropenia                    **2** (6%)     **5** (16%)
  Lymphopenia                    **7** (23%)    **12** (39%)
  Thrombopenia                   **3** (10%)    **5** (16%)
  Anemia                         **17** (55%)   **6** (19%)
  Diarrhea                       **7** (23%)    **2** (6%)
  Nausea                         **10** (32%)   \-
  Mucositis                      **6** (19%)    \-
  Neuropathy                     **4** (13%)    \-
  Pneumopathy/ Sepsis            **1** (3%)     **7** (23%)
  Dyspnea                        **3** (10%)    **3** (10%)
  Asthenia                       12 (39%)       2 (6%)

After 81 treatment cycles administered, 35 Serious Adverse Events were reported (15 related to Cabazitaxel).

Three patients (10%) needed a dose-reduction. In addition to the patient who died from febrile neutropenia, one patient stopped treatment because of toxicity. All other patients stopped treatment because of disease progression.

Patient-reported outcomes {#s3_4}
-------------------------

All patients completed the EORTC questionnaires at baseline, 8/9 patients were still on treatment at the third cycle and 16/31 at the end of treatment completed the questionnaires. As shown in Figure [2](#F2){ref-type="fig"}, no significant change in quality of life with Cabazitaxel was observed. The global health status (QoL) at baseline was poor. A deterioration of the functional scales of the QLQ-C30 was observed at the end of the treatment. A non-significant improvement of the scores for fatigue, insomnia and appetite loss in the symptomatic scales of the QLQ-C30 were observed. Similarly, no clear changes were noted in the items of the complementary questionnaire H&N35, except for a degradation of the swallowing capacities during the third cycle.

###### Health-related quality of life at baseline, 3 cycles and end of treatment based on the EORTC QLQ-C30 functional domains A., QLQ-C30 symptomatic scales B. and complementary module H&N35 C

![](oncotarget-08-51830-g002a)

![](oncotarget-08-51830-g002b)

DISCUSSION {#s4}
==========

Cabazitaxel met its primary endpoint with 8/29 (27.6% \[95%CI 12.7%-47.2%\]) non-progressive patients at six weeks, more than six patients required. However, PFS and OS seem short and the tolerance poor. But our patients were heavily pretreated with advanced and symptomatic resistant disease. The objective of this trial was to detect a signal of activity of Cabazitaxel in order to determine whether it was of interest in head and neck cancers. We would like to discuss two points:

Is the control rate at six-weeks appropriate to detect a potentially effective drug in HNSCC?

Are the results sufficient to justify future trials in patients with HNSCC?

1.  This type of tumor usually progresses rapidly with short survival. The "Extreme" schedule, (Cisplatin, 5-fluorouracile and Cetuximab) allows a PFS of 5.6 months and an OS of 10.1 months \[[@R1]\]. With Methotrexate, the standard second-line, PFS is 1.7 months \[[@R4]\]. Thus for our heavily pretreated patients (before Cabazitaxel, 42% received ≥ 3 lines for recurrent disease, and 26% ≥ 4 lines), a six-week control rate is an appropriate endpoint. All patients were progressive before inclusion. The validity of this endpoint was confirmed by comparison with Capecitabine (an oral prodrug of fluorouracile) in this situation. Indeed, since fluorouracile was effective as a single agent \[[@R16]\] and that, after failure of platinum, Capecitabine showed 24.2% response \[[@R17]\], we retrospectively demonstrated in 29 heavily pretreated patients (86% ≥ 3 lines) 2 months of PFS and 14 responses or stabilizations with Capecitabine \[[@R18]\]. We therefore conclude that an effective drug in HNSCC can be detected by our design.

2.  The efficacy results should not be over-interpreted. The short PFS and OS were expected in this population resistant to chemotherapy and of poor prognosis. No other effective drug was available. As indicated, Methotrexate in second-line gives a PFS of 1.7 months and an OS of 6.2 months \[[@R4]\]. With 1.05 months of PFS and 3.77 months of OS for resistant patients (they received platinum, Cetuximab, and taxanes and 8/29 (28%) had also Methotrexate), we can say that Cabazitaxel is of interest. This trial cannot be compared to other studies investigating the efficacy in second-line: our objective was only to detect a potential drug deserving further investigations.

To our knowledge, two other studies investigated Cabazitaxel in HNSCC. First, a randomized phase II trial with 101 patients in second-line compared Cabazitaxel to Methotrexate \[[@R19]\]. The PFS at 18 weeks (primary endpoint) was not significantly different with Cabazitaxel (13.2%) and Methotrexate (8.5%). A similar PFS was observed at 1.9 months, but with a trend in OS in favor of Cabazitaxel with 5 months *versus* 3.6 months and at least Cabazitaxel did not seem inferior to an approved drug such as Methotrexate \[[@R4]\]). The second phase I study of 13 patients in induction with Cisplatin, Fluorouracile and Cabazitaxel (instead of Docetaxel) showed 90% response without any particular toxicity, suggesting the efficacy of Cabazitaxel in chemo-naive patients \[[@R20]\]. The data from these studies and from our own study could support the potential interest of Cabazitaxel in the treatment of HNSCC.

One patient died of febrile neutropenia at the sixth cycle, another stopped the treatment due to toxicity, and three needed dose reductions. The major hematological toxicities were expected. In the pivotal study in prostate cancer, the most common clinically significant grade 3 or higher toxicities were neutropenia (82%), febrile neutropenia (8%), and diarrhea (6%) \[[@R15]\]. The majority of adverse events were related to the cancer itself: lung infections related to swallowing disorders (common and serious in HNSCC), anemia and lymphopenia.

To sum up, Cabazitaxel gave a signal of activity in HNSCC but was toxic. In future studies, Cabazitaxel could be used at 20 mg/m^2^ every 3 weeks or weekly at a lower dose like Paclitaxel or Docetaxel. Comparisons with Docetaxel in induction or in third line after platin-based chemotherapy and immunotherapy could be performed. Clearly Cabazitaxel with its toxicity and results could not replace immunotherapy after failure of platinum agent since Nivolumab demonstrated its superiority in terms of efficacy and tolerability compared to chemotherapy in this situation \[[@R21]\]. Furthermore, this study validates an efficient strategy in terms of clinical trial design for the detection of potential drugs in HNSCC.

Our gratitude goes to the patients and their families.
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